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(54) Minimally invasive bone miller apparatus 

(57) Amilling system is disclosed for creating a bone 
cavity having a cross section which has a generally tri- 
angular profile having a first side generally parallel with 
an axis of the bone and a second side forming an acute 
angle with the first side. The cavity is contiguous with a 
pre-existing conical cavity in the bone. The system com- 
prises a drive shaft (128), a frame (24) for carrying a 
cutter and a cutter (22) for cutting the cavity. The drive 
shaft has a proximal end configured for coupling to a 
drive means and a distal end configured to form a por- 
tion of a drive joint for coupling the drive shaft to a cutter. 
The frame includes a shaft (48) and a cutter mount for 
mounting a cutter at a first angle approximating the 
acute angle with respect to the shaft. The mount in- 
cludes a bracket (64) extending laterally from the shaft 
to a bearing (54) configured to receive a portion of a 
cutter and maintain the received cutter oriented at the 
first angle during rotation. The cutter has a head (80) 
configured to form a portion of a drive joint for coupling 
the cutter to a drive shaft. The drive shaft is coupled to 
the cutter to form the drive joint. The cutter is received 
in the mount at the first angle and the drive shaft forms 
a second angle with the longitudinal axis less than the 
first angle. 
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Description 

[0001] This invention relates to the field of artificial 
joint prostheses and, in particular, to an improved instru- 
ment for machining a precise cavity in bone for receiving 5 
a prosthesis. 

[0002] For implantation of prosthetic stems, such as 
hip stems, accurate preparation of the bone or intramed- 
ullary canal is extremely important in orderto guarantee 
good contact between the prosthesis stem and the 10 
bone. The underlying concept behind precise prepara- 
tion is that a precise bone envelope reduces the gaps 
between the implant (i.e. prosthesis or prosthetic com- 
ponent) and the bone, thereby improving the initial and 
long-term bone ingrowth/fixation. The bone canal is 15 
presently prepared for implantation of a prosthetic stem 
by drilling and reaming a resected end of a bone, such 
as a femur, and then preparing an area adjacent the 
drilled hole to provide a seat for the prosthetic stem or 
a proximal sleeve coupled to the stem of a modular pros- 20 
thetic system. 

[0003] Modular prosthetic systems using proximal 
sleeves, stems, necks and heads, such as the modular 
hip system which is sold by DePuy Orthopaedics Inc un- 
der the trade mark S-ROM, put more control in the 25 
hands of the surgeon, providing solutions for a variety 
of surgical scenarios, from primary total hip arthroplasty 
(THA) to the complex revision or DDH challenges. Such 
system provides such versatility because the provided 
plurality of stems, sleeves, necks and heads which can 30 
be assembled in a large number of configurations. 
[0004] Preparation of the area adjacent the drilled 
hole may be accomplished by broaching or by milling. 
Broaches or rasps, when used for bone preparation, 
have limitations. One such limitation is the risk of frac- 35 
ture during broaching. Since broaching is done by 
pounding the broach into the bone, the bone tends to 
fracture. Additionally, both broaches and rasps suffer 
from a tendency to be deflected by harder sections of 
bone so that they do not create as precise a triangular 40 
cavity as can be created by a miller system. In a study 
that compared an intimate fill with robotically machined 
femora, Paul et al. , found that broaching tore the trabec- 
ular bone, whereas femoral canal preparation with 
reamers was consistently more accurate. Paul, H.A., et 45 
al. "Development of s Surgical Robot for Cementless To- 
tal Hip Arthroplasty." Clinical Orthopaedics and Related 
Research 285 Dec. 1992: 57-66. 
[0005] Thus, milling is currently the preferred method 
of bone preparation in many orthopaedic applications 50 
because it is an extremely precise method of bone prep- 
aration. A limitation of milling systems today is that they 
are typically formed so that the drive shaft extends at an 
angle relative to the remainder of the frame from the end 
of the miller cutter machining the bone. A fairly large in- 55 
cision must be made to accommodate such milling as- 
semblies. A typical incision for preparing a femur for a 
total prosthetic hip replacement using a standard trian- 



gle miller system is 22.9 cm (9 inch) long. It is not un- 
common for incisions as large as 30 cm (12 inch) to be 
used in a total hip replacement procedure. 
[0006] A standard triangle miller system typically in- 
cludes a miller shell, a miller frame and a miller cutter 
having an end formed for coupling to a drill. A typical 
miller frame and miller cutter is disclosed in US- 
5540694. This millerframe allows for precise machining 
of the triangular canal by a miller cutter held at an angle 
with respect to the shaft of the frame. The triangular ca- 
nal facilitates an accurate fit of a proximal sleeve that 
distributes the load experienced by the prosthesis even- 
ly and provides rotational stability. However, to accom- 
modate this miller, it is necessary to make a fairly large 
incision which may be undesirable for cosmetic or other 
reasons. 

[0007] The large incision is required because the mill- 
er cutter includes a fixed unprotected input shaftforcon- 
necting to and/or receiving motive (i.e. rotary) power 
from a drill orsimilar instrument. As such, the prior ream- 
er is able to accept rotary input power with respect to 
only one direction. Typically, this direction is at 0° (i.e. 
"straight on") with respect to the reamer which is approx- 
imately 32° with respect to the shaft of the miller frame. 
Therefore, not only is the input power direction restrict- 
ed, but this, in turn, restricts the angle at which the ream- 
er may be used on a patient. Since the input shaft and 
the drill coupled thereto extend laterally beyond the 
edge of the millerframe an incision substantially larger 
than the width of the frame must be made to accommo- 
date the reamer, frame and drill during surgery. Since 
the input shaft is unprotected the incision must be large 
enough to accommodate the reamer, fame, input shaft 
and drill without the input shaft engaging soft tissue. 
[0008] In view of the above, it would be desirable to 
have a bone miller or guided reamer that could fit into a 
smaller incision during a surgical process. 
[0009] It would be even further desirable to have a 
bone milling device as desired above that also is able 
to accept input rotary power from various angular orien- 
tations and/or allows bone milling device to be posi- 
tioned at various angular orientations relative to the in- 
put rotary power. 

[0010] A milling system is disclosed for creating a cav- 
ity in a bone. The cavity has a cross section which has 
a generally triangular profile having a first side generally 
parallel with an axis of the bone and a second side form- 
ing an acute angle with the first side. The cavity is con- 
tiguous with a pre-existing conical cavity in the bone. 
The system comprises a drive shaft, a frame for carrying 
a cutter and a cutter for cutting the cavity. The drive shaft 
has an axis, a proximal end configured for coupling to a 
drive means and a distal end configured to form a por- 
tion of a drive joint for coupling the drive shaft to a cutter. 
The frame includes a shaft having a longitudinal axis 
and a cutter mount for mounting a cutter at a first angle 
approximating the acute angle with respect to the shaft. 
The mount includes a bracket extending laterally from 
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the shaft to a bearing configured to receive a portion of 
a cutter and maintain the received cutter oriented at the 
first angle during rotation. The cutter has a head config- 
ured to form a portion of a drive joint for coupling the 
cutter to a drive shaft. The drive shaft is coupled to the 5 
cutter to form the drive joint. The cutter is received in 
the mount at the first angle and the axis of the drive shaft 
forms a second angle with the longitudinal axis less than 
the first angle. 

[0011] Apparatus for creating a cavity in a bone for 10 
receiving a prosthesis which has a conical portion and 
a projection of a generally triangular profile is disclosed. 
The apparatus comprises a shell, a frame, and a cutter. 
The shell includes a conical portion which defines a lon- 
gitudinal axis and a shaft-receiving cavity for receiving 15 
a frame. The frame includes a shaft, a drive shaft and a 
shield. The shaft is received by the shaft-receiving cavity 
and is movable with respect to the shell along the lon- 
gitudinal axis. Theframe is configured to carry the cutter 
disposed at an acute angle relative to the longitudinal 20 
axis. The drive shaft is disposed at an angle relative to 
the longitudinal axis less than the acute angle and is 
configured at one end to couple to and drive the cutter. 
The shield is disposed about portions of the drive shaft 
adjacent the one end. The cutter has a generally than- 25 
gular profile and is carried by theframe and is configured 
to mate with and be driven by the drive shaft. 
[0012] A method for cutting a triangular cavity in bone 
includes the steps of providing a cutter having a cutter 
bearing , providing aframe, journalingthecutter bearing 30 
in the frame incising the patient, providing a drive shaft 
and cutting the cavity. The provided cutter comprises a 
cutting surface having an outer diameter and a cutter 
bearing atoneend of thecutting surface having an outer 
diameter larger than the outer diameter of the cutting 35 
surface. The provided frame has a shaft movable rela- 
tive to the bone to be prepared which comprises a frame 
bearing which is complementary to the cutter bearing 
and which has an inner diameter which is larger than 
the outer diameter of the cutter's cutting surface and is 40 
configured to hold the bearing at a first acute angle rel- 
ative to the shaft. The shaft has a width extending be- 
tween the shaft and the bearing. 
[0013] Journalingthecutter bearing in theframe is ac- 
complished by passing the cutter's cutting surface 45 
through the frame bearing and engaging the cutter bear- 
ing with the frame bearing. The incising occurs adjacent 
the bone to be prepared to form an incision having a 
length approximating the width of the provided frame. 
The provided drive shaft includes portions configured to 50 
couple to and drive the cutter when the drive shaft is 
disposed at a second angle relative to the shaft which 
second angle is less than the first angle. The cavity is 
cut by driving the cutter with the drive shaft disposed at 
the second angle and moving the frame relative to the 55 
bone. 

[001 4] The disclosed triangular miller is configured to 
reduce the size of incision required for preparation of a 



bone with a reamer or milling tool to receive a prosthetic 
stem therein. The disclosed triangular miller frame in- 
cludes one or more of the following features, either 
alone or in combination. A drive shaft alignment bracket 
supporting a drive shaft. A constant velocity joint at the 
interface between the drive shaft and the milling tool or 
reamer facilitating various drive shaft angles. A spring 
loaded sleeve surrounding portions of the drive shaft to 
protect soft tissue adjacent to the bone being prepared. 
[0015] Embodiments of the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings, in which: 

Fig. 1 is a view with parts broken away of a miller 
system inserted through an incision into a resected 
femur of a patient using a selected miller shell and 
pilot stem and a selected miller cutter held in the 
miller frame received in the selected miller shell; 
Fig. 2 is an exploded view of the miller system of 
Fig. 1 showing the miller frame with the shielded 
drive shaft assembly in a retracted and locked con- 
figuration, two miller cutters intended to represent 
a plurality of miller cutters each configured to be 
held by miller frame, two miller shells intended to 
represent a plurality of miller shells each configured 
to slidably receive the miller frame and two pilot 
shafts each configured to mount to each millershell; 
Fig. 3 is a perspective view of the miller frame of 
Fig. 1 showing the wire assembly and shielded drive 
shaft assembly; 

Fig. 4 is a front view of the miller frame of Fig. 3; 
Fig. 5 is a sectional view taken along line 5-5 of the 
miller frame of Fig. 4; 

Fig. 6 is a sectional view taken along line 6-6 of the 
miller frame of Fig. 5; 

Fig. 7 is a perspective view of the protective sleeve 
of the shielded drive shaft assembly of the miller 
frame of Fig. 4; 

Fig. 8 is a back plan view of the protective sleeve 
of Fig. 7; 

Fig. 9 is a side elevation view of the protective 
sleeve of Fig 8; 

Fig. 10 is a plan view of the wire assembly of the 
miller frame showing a shaft, a strike plate, a guide 
tab bracket, a miller cutter bracket and a drive shaft 
alignment bracket; 

Fig. 11 is as perspective view of the drive shaft 
alignment bracket of the wire assembly of Fig. 1 0; 
Fig. 1 2 is an elevation view of the drive shaft align- 
ment bracket of Fig. 11 ; 

Fig. 13 is a plan view of the drive shaft alignment 
bracket of Fig. 11 ; 

Fig. 14 is a side elevation view of the miller cutter 
of Fig. 1 ; 

Fig. 1 5 is a sectional view taken along line 1 5-15 of 
the miller cutter of Fig. 14 showing a reamer body 
having a bearing head attached thereto formed to 
include a drive tip-receiving cavity for receipt of the 
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tip of the drive shaft and having a dowel extending 
across the cavity for receipt in a slot in the end of 
the tip of the drive shaft; and, 
Fig. 1 6 is an end view taken along line 1 6-16 of the 
miller cutter of Fig. 14 showing the dowel extending 
across the drive tip-receiving cavity. 

[0016] The drawings show a triangle miller assembly 
20 which allows a surgeon to machine (mill) bone 
through a smaller incision 1 8 compared to existing sur- 
gical instruments. The disclosed miller assembly 20 is 
derived from a standard miller assembly such as that 
disclosed in US-5540694. A miller frame similar to that 
disclosed in that document may be modified by adding 
a strike plate 50 at the proximal end of the frame 24, a 
shielded drive shaft assembly 120 and a drive shaft 
alignment bracket 1 00 and by moving the reamer brack- 
et downwardly and inwardly. The reamer bracket 52 is 
moved in a manner that maintains the alignment of the 
bushing axis 55 with the axis 99 of the tip-receiving hole 
58. Generally, however, the disclosed miller frame 24 
and miller cutter 22 of miller system 20 are fabricated 
independently from any prior art system. 
[0017] The drive shaft bracket 100 is configured to 
support the shielded drive shaft assembly 1 20 substan- 
tially parallel to the frame axis 66. The strike plate 50 
facilitates exerting down pressure needed during the 
milling process. A mallet maybe used to strike the strike 
plate 50 if required. The strike plate 50 also facilitates 
extraction of the miller frame 24 following bone cutting. 
[0018] Additionally, the miller cutter 22 used with the 
disclosed milling system 20 differs from that disclosed 
in US-5540694. Miller cutter 22 is shorter and is config- 
ured to be coupled through a universal coupling with a 
drive shaft 128 having an axis 142 not coincident with 
the axis 1 1 3 of the miller cutter 22. 
[0019] The movement of the bearing bracket 64 
downwardly and inwardly reduces the effective width 32 
(from the shaft 48 to the edge of the bracket 64) of the 
miller frame 24. However, this reduction in the effective 
width 24 of the frame contributes only a small amount 
to the reduction in the size of the incision 1 8 required to 
perform a prosthetic surgery. The majority of the reduc- 
tion in the size of the surgical incision 18 arises from 
modification of the miller cutter 22 to permit coupling to 
a drive shaft 128 that is not parallel to the axis of the 
miller cutter 22. Due to this modification the cutter 22 
and drive shaft 128 need not extend beyond the effec- 
tive width 32 of the miller frame 24. By providing a pro- 
tective sleeve 1 24 surrounding the drive shaft 1 28, soft 
tissue cannot engage the spinning shaft 1 28 during op- 
eration and clearance beyond the drive shaft 128 can 
be further reduced. 

[0020] The drive shaft alignment bracket 100 sup- 
ports the drive shaft 1 28 in a position parallel to the axis 
66 of the shaft 48 of the miller frame 24 so that the entire 
assembly presents a uniform cross section from the top 
of the reamer upward. When the drive shaft assembly 



is parallel to the axis 66 of the shaft 48, the miller frame 
24 has a maximum width approximately equal to the ef- 
fective width 32. The drive shaft 128 is coupled to the 
miller cutter 22 through a universal coupling. The sleeve 

5 1 24 protects the soft tissue surrounding the bone being 
cut from the drive shaft 128. Thus, the surgical incision 
1 8 required to use the disclosed miller system 20 is only 
slightly larger than the effective width 32 of the miller 
frame 24. The disclosed miller frame 24 has an effective 

10 width 32 of approximately 5.71 cm (2.25 inch) compared 
to the effective width of approximately 5.1 cm to 7.0 cm 
(2.0 to 2.75 inch) of the miller frame of a typical miller 
system for a hip prosthesis. 

[0021] FIG. 2 is exploded view of surgical instrument 

15 or triangle miller system 20 constructed in accordance 
with the invention. Instrument 20 includes miller cutter 
22 forcutting the desired triangular-shaped cavity, miller 
frame 24 for carrying the miller cutter 22, miller shell 26 
for registering the instrument with a pre-existing conical 

20 cavity in the patient's bone, a pilot shaft 42 removably 
attached to the miller shell 26 for insertion in a prepared 
medullary canal of the patient's bone and indicators 28, 
30 for indicating the longitudinal location of miller frame 
24 relative to miller shell 26. 

25 [0022] While in the illustrated embodiment, only two 
millershells26, two pilot shafts 42, andtwo miller cutters 
22 are shown, it is to be understood that a plurality of 
millershellS; pilot shafts and miller cutters may be made 
available to the surgeon using the disclosed miller in- 

30 strument 20. Each miller cutter 22 is configured to be 
held by miller frame 24. Each miller shell 26 is config- 
ured to slidably receive the miller frame 24. Each pilot 
shaft 42 is configured to mount to each miller shell 26. 
Thus a plurality of miller instruments 20 may be formed 

35 each utilizing the same miller frame 24. 

[0023] Miller shell 26 has a longitudinal axis 40. Pilot 
shaft 42 is removably attached to the main body of the 
miller shell 26 by, for example, a screw thread 38. The 
miller shell 26 also has an external conical surface 44 

40 which engages the wall of the pre-existing conical cavity, 
as shown ; for example, in Fig. 1 . In addition, the miller 
shell 26 has shaft-receiving cavity 46 for receiving the 
shaft 48 of the miller frame 24 and allowing the longitu- 
dinal axis 66 of the shaft 48 of the miller frame 24 to 

45 move along longitudinal axis 40. 

[0024] In the illustrated embodiment, miller frame 24 
includes a wire assembly 62 and a shielded drive shaft 
assembly 120. The wire assembly 62 includes a shaft 
48, a strike plate 50, and a guide tab bracket 52, a cutter 

50 bearing bracket 64 and a drive shaft alignment bracket 
100. Shaft 48 includes a proximal end 47, a distal end 
49 and a longitudinal axis 66. The strike plate 50 is cou- 
pled to the proximal end 47 of shaft as shown, for ex- 
ample, in Figs. 1-7 and 10. Extending radially outwardly 

55 from shaft 48 is guide tab bracket 52, cutter bearing 
bracket 64 and drive shaft alignment bracket 1 00. Cutter 
bearing bracket 64 includes a mounting arm 70 and a 
bearing 54. Bearing 54 engages complementary cutter 
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bearing 56 on cutter 22. The drive shaft bracket 1 00 in- 
cludes a mounting arm 102 and a receiver 104 that re- 
ceives shielded drive shaft assembly 120. 
[0025] The strike plate 50 is a rounded rectangular 
plate including a top surface 35 substantially parallel to 
a bottom surface 37. Strike plate 50 is formed to include 
a mounting hole (obscured by proximal end 47 of shaft 
48 in Fig. 5) adjacent one end through which the proxi- 
mal end 47 of shaft 48 is received. In the illustrated em- 
bodiment, shaft 48 is welded to strike plate 50 so that 
strike plate 50 extends laterally from the axis 66 of the 
shaft 48 in the opposite direction from bracket 52. The 
top planar surface 35 of the strike plate 50 facilitates 
exerting downward pressure during the milling process. 
The strike plate 50 can also be used to remove the miller 
frame 24. Either planar surface 35, 7 may be struck with 
a mallet to facilitate advancing the miller system 20 into 
the bone when the top surface 35 is struck or removal 
of the miller system 20 from the bone cavity when the 
bottom surface 37 is struck. 

[0026] Shaft 48 also includes tip hole 58 which engag- 
es complementary tip 60 on cutter 22. Shaft 48 includes 
pin 72 which engages surface 74 of miller shell 26 during 
withdrawal of the miller shell 26 from the patient's bone 
(see below). Additionally, shaft 48 is formed to include 
a flute cavity 68 configured to allow the flutes of a cutter 
22 to turn therein when the tip 60 is received in tip hole 
58. 

[0027] Shaft 48 is sized to fit within shaft- receiving 
cavity 46 of miller shell 26 with bracket 52 and mounting 
arms 70, 1 02 being slidable in slot 76 formed in the up- 
per portion of the miller shell 26. Pin 72 is also sized to 
fit through slot 76. To that end, guide tab bracket 52, 
mounting arms 70, 102 of cutter brackets 64 and drive 
shaft alignment bracket 100, respectively, have a thick- 
ness 94 slightly less than the width of the slot 76. In a 
preferred embodiment, the thickness 94 of bracket 52 
and mounting arms 70, 102 is 0.47 cm (0.186 inch) while 
the width 96 of slot 76 is 0.50 cm (0.1 975 inch). Bracket 
52 and mounting arms 70, 102 are located at different 
angular positions around the circumference of shaft 48 
from pin 72 so that the shaft 48 must be rotated about 
its longitudinal axis 66 to first align pin 72 with slot 76 
and then sequentially align bracket 52 and mounting 
arms 70, 1 02 with slot 76 during assembly of the instru- 
ment 20. 

[0028] Referring now to Fig. 1 there is shown a trian- 
gular milling instrument 20 including a miller shell 26, a 
miller frame 24, a pilot shaft 42 and a cutter 22. The 
miller frame 24 is slidably received in the miller shell 26 
for reciprocal movement along the longitudinal axis 40 
of the miller shell 26. The pilot shaft 42 is received in a 
previously reamed cylindrical cavity. Pilot shaft 42 is 
coupled to miller shell 26 to align the axis 40 of miller 
shell 26 relative to the cylindrical cavity. The conical sur- 
face 44 of the miller shell 26 is received in the previously 
reamed conical cavity. The pilot shaft 42 and miller shell 
26 are selected from the plurality of pilot shafts and mill- 



er shells based on the size of the reamers used to form 
the cylindrical and conical cavities, respectively. 
[0029] The shaft 48 of the wire assembly 62 of the mill- 
er frame 24 includes a longitudinal axis 66 which, when 

5 the shaft 48 is received in the miller shell 26, as shown, 
for example, in Fig. 1 , coincides with the longitudinal ax- 
is 40 of miller shell 26. The shaft 48 is formed to include 
indicators 30 thereon for alignment with indicator 28 on 
the miller shell 26 in a well known manner. Near its distal 

10 end 49, shaft 48 is formed to include an angled tip-re- 
ceiving hole 58 extending through the longitudinal axis 
66. The tip-receiving hole 58 is sized and configured to 
receive the tip 60 of a reamer or miller cutter 22 for ro- 
tation therein. Tip-receiving hole 58 is formed concen- 
ts trically about an axis 98. Illustratively axis 98 forms an 
angle 99 with respect to the longitudinal axis 66 of the 
shaft 48. Angle 99 corresponds to the angle the projec- 
tion forms with the body of the sleeve of the prosthesis 
and the angle of the triangular cavity to be formed in the 

20 bone. Illustratively, angle 99 is 31 .1 °. 

[0030] As shown, for example, in Figs. 1 to 6, 10, the 
wire assembly 62 of triangle miller frame 24 is formed 
by welding the shaft 48 and the integrally formed guide 
tab bracket 52 to the mounting arm 70 of the reamer 

25 bushing bracket 64 and the mounting arm 102 of the 
drive shaft bracket 100. Reamer bushing bracket 64 is 
mounted to align the axis 55, about which bearing 54 is 
concentrically formed, with the axis 99 about which tip- 
receiving hole 58 is formed. The drive shaft alignment 

30 bracket 1 00 is mounted to align the longitudinal axis 1 05 
of the receiver 104 to be parallel with the longitudinal 
axis 66 of the shaft 48 and to intersect with the axis 55 
of the bearing 54, as shown, for example, in Fig. 10. 
Guide tab 52, and mounting flanges 102, 70 of drive 

35 shaft bracket 100 and reamer bushing bracket 64, re- 
spectively, are all aligned as shown, for example, in Fig. 
6, so that they slide within the channel 76 formed in mill- 
er shell 26. 

[0031] The shielded drive shaft assembly 120 in- 

40 eludes a drive shaft mechanism 122, a protective sleeve 
1 24 and a spring 1 26. Protective sleeve 1 24 is disposed 
around portions of the drive shaft mechanism 122 that 
might be inserted into a surgical incision 1 8. Spring 1 26 
urges the drive shaft mechanism 122 and protective 

45 sleeve 1 24 distally to induce drive shaft mechanism 1 22 
to couple with miller cutter 22. As shown, for example, 
in Fig. 5, the drive shaft mechanism 1 22 includes a drive 
shaft 128, a drive nose 130, a retainer dowel 132, a re- 
lease button 134, a set screw 1 36, and a bias spring 138. 

50 [0032] As shown generally in Figs. 1 -5 and more par- 
ticularly in Figs. 7-9, protective sleeve 124 includes a 
body 170 with a lumen 178 extending longitudinally 
through it. The body 1 70 and lumen 1 78 are formed gen- 
erally concentrically about a longitudinal axis 172 ex- 

55 tending between a distal end 174 and a proximal end 
1 76 of the sleeve 1 24. The lumen 1 78 is sized to receive 
the central portion 144 and distal portion 142 of drive 
shaft 128, the receiver 104 of drive shaft bracket 100, 
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the spring 126 and the drive nose 132 therein. Illustra- 
tively, lumen 178 has a diameter 180 (Fig. 5) slightly 
greater than the outside diameter 145 of central portion 
144 of drive shaft 128, the outside diameter 108 of re- 
ceiver 104, the outside diameter of the spring 126 and 
the outside diameter 160 of drive nose 130. 
[0033] Adjacent the proximal end 1 76, the body 1 70 
is formed to include a grip 1 80 to facilitate grasping the 
sleeve 1 24. The proximal end 1 76 of sleeve 1 24 engag- 
es release button 1 34 extending radially outwardly from 
a stepped cavity formed in the central portion 144 of 
drive shaft 128. Distal end 174 is formed to include a 
hood 1 92 sized to cover proximal surface 53 of bushing 
54. A tapered wall extends between hood 1 92 and the 
remainder of body 170 of sleeve 124 to minimize the 
trauma to surrounding tissue coming in contact with the 
sleeve during removal of the miller cutter 22 from the 
incision 18. 

[0034] The sleeve 124 includes a slit 1 82 that facili- 
tates loading and unloading of the miller cutters 22 onto 
the miller frame 24. The slit 182 extends through the 
body 170 and communicates with the lumen 178. The 
slit 1 82 extends through the end wall 1 93 upwardly for 
a length greater than the minimum displacement be- 
tween the proximal surface 1 09 of the drive shaft bracket 
1 00 and the proximal wall of the bushing 54. The slit has 
a width 1 83 slightly greater than the thickness 94 of the 
mounting arm 1 02 to facilitate mounting arm 1 02 sliding 
therein. In the illustrated embodiment, slit 182 has a 
width 1 83 of 0.51 cm (0.200 inch). 
[0035] A miller cutter 22 is loaded onto the frame 24 
by pulling the sleeve 124 back against the bias spring 
126 until the opening 184 of the notch 1 86 on the sleeve 
124 is lined up with the mounting arm 102 on the drive 
shaft bracket 1 00 of the miller frame 24. Once the sleeve 
124 is lined up with the mounting arm 102, the sleeve 
1 24 is twisted about its longitudinal axis 1 72 so that the 
mounting arm 102 passes through the opening 184 of, 
and is received in, the notch 1 86 in the sleeve 1 24. 
[0036] In the illustrated embodiment, opening 1 84 has 
a width 188 slightly larger than the width 106 of the 
mounting arm 102 of the alignment bracket 100. Also, 
notch 1 86 has a width 1 90 greater than both the width 
1 88 of the opening 1 84 and the width 1 06 of the mount- 
ing arm 1 02. Opening 1 84 and notch 1 86 are positioned 
along the slit so that, when the mounting arm 1 02 is re- 
ceived in the notch 1 86, miller cutters 22 may be loaded 
and unloaded without interference from the sleeve 1 24 
or the drive shaft mechanism 122. 
[0037] When the mounting arm 1 02 is received in the 
notch 186, the bracket 100 and sleeve 124 cooperate 
to overcome forces stored in the bias spring 126 and 
retain the sleeve 124 and the shaft mechanism 122 in 
a retracted position, as shown, for example, in Fig. 2. 
The sleeve 124 and drive shaft mechanism 122 are 
locked in this retracted position so that the miller cutters 
22 can be loaded or unloaded. 

[0038] The drive shaft 1 28 and sleeve 1 24 both move 



upward (compressing the spring 126 between the prox- 
imal end wall 162 of the ball nose drive 130 and the distal 
wall 101 of the receiver 104 of the drive bracket 100) 
during insertion and removal of the miller cutters 22. The 

5 arm 1 02 of the drive bracket 1 00 is received in the side 
opening notch 186 in the sleeve 124 when the sleeve 
124 is twisted 90° (or less) to lock the sleeve 124 and 
drive shaft 128 in a retracted position. 
[0039] The protective sleeve 1 24 is removed from the 

10 miller frame 24 by depressing the release button 134 on 
the drive shaft 1 28 to compress a spring 1 38 held therein 
against the set screw 1 36. Once the release button 1 34 
is depressed, the soft tissue protector sleeve 1 24 is free 
to slide upwardly and off of the drive shaft assembly 1 22 . 

15 [0040] As shown, for example, in Fig. 5. drive shaft 
128 includes a proximal portion 148, a central portion 
144 and a distal portion 140 all formed generally con- 
centrically about axis 142. Central portion 144 has di- 
ameter 145 greater than the diameter of proximal por- 

20 tion 148 andthe diameter 141 of distal portion 140. Prox- 
imal portion 1 48 is formed to facilitate coupling to rotary 
drive means such as a drill (not shown). The distal por- 
tion 140 of drive shaft 128 is received through an aper- 
ture defined by a cylindrical interior wall 1 03 formed con- 

25 centrically about longitudinal axis 105 of the receiver 
1 04 of drive shaft alignment bracket 1 00. Cylinder inte- 
rior wall 103 has a diameter 1 07 slightly greaterthan the 
diameter 1 41 of distal portion 1 40 of shaft 1 28 to permit 
the shaft 128 to turn freely therein. Cylinder interior wall 

30 103 has a diameter 107 less than the diameter 145 of 
central portion 144. Thus, proximal wall 109 of receiver 
104 acts as a stop against which annular wall 150 ex- 
tending between central portion 144 and distal portion 
140 engages to limit distal movement of drive shaft as- 

35 sembly 1 22 when the sleeve 1 24 is removed. 

[0041] In the illustrated drive shaft mechanism 124, 
the drive shaft 128 is connected at its distal end 152 to 
the drive nose 130. As shown, for example, in Fig. 5, 
drive nose 1 30 is formed to include a cavity 1 64 extend- 

40 jng through its proximal end wall 162 into the body of 
drive nose 130. Cavity 1 64 is sized to receive the distal 
end 152 of drive shaft 128 therein. Proximal end of drive 
nose 132 is formed to include a dowel hole (obscured 
by dowel 1 32) extending laterally through the body and 

45 through the cavity 1 64. Distal end 1 52 of drive shaft 1 28 
is likewise formed to include a dowel hole (obscured by 
dowel 132) extending laterally through it. When distal 
end 1 52 of drive shaft 1 28 is received in cavity 1 64, dow- 
el holes are aligned and an appropriately sized retention 

50 dowel 1 32 is inserted through itto couple drive nose 1 30 
to drive shaft 128. Dowel 132 is preferably welded in 
place to prevent the dowel 1 32 from falling out within a 
body cavity during use. 

[0042] The distal end 1 56 of drive nose 1 30 is formed 
55 to serve as a slotted sphere component of a pinned- 
sleeve shaft coupling. Thus distal end 156 of drive nose 
1 30 has a hemi-spherical end wall 1 58 through which a 
slot 166 is formed to create forks 168. Slot 166 has a 
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width slightly greater than the diameter of a dowel pin 
1 1 4 extending transversely across a cavity 1 1 6 formed 
in the head 80 of the cutter 22. The head 80, cavity 116 
and dowel pin 114 of the cutter 22 and the fork 1 28 on 
the spherical distal end 1 56 of the drive nose 1 30 coop- 
erate to form a pinned-sleeve shaft coupling. A pinned- 
sleeve shaft coupling is one type of a universal coupling 
or drive joint that facilitates driving cutter 22 with a drive 
shaft 128 of drive shaft assembly 122 that has a longi- 
tudinal axis 142 forming an angle 194 with the longitu- 
dinal axis 1 1 3 of the cutter 22. The drive shaft 1 28 may 
be coupled to cutter 22 using other universal couplings, 
such as, for example, a Hooke's joint, a pinned sphere 
shaft coupling, a grooved-sphere joint or the like or a 
constant velocity joint such as. for example, forked 
shafts with a slotted joint and a spigot joint extending 
therebetween, a triple strand spring, a Rzeppa. a Ben- 
dix-Weiss joint or the like. 

[0043] As shown, for example, in Figs. 14-16, miller 
cutter 22 is a reamer formed about an axis 113 about 
which it spins. Miller cutter 22 includes a main body 34, 
a head 80 and a dowel pin 112. Main body 34 includes 
a tip 60, a cutting surface 78 and a stem 1 1 5. Tip 60 is 
formed concentrically about axis 113 and is sized to be 
received in tip-receiving cavity 58. Stem 113 is formed 
concentrically about longitudinal axis 113 and is sized 
to be received within head 80, as shown, for example, 
in Fig. 15. Head 80 and stem 113 are formed to include 
a cavity 1 1 6 having a hemi-spherical end wall for receipt 
of hemispherical end wall 158 of drive tip 130 therein. 
Head 80 has a cylindrical side wall 81 concentrically 
formed about axis 113. Cylindrical side wall 81 has a 
diameter 110 slightly less than the inside diameter of 
bushing 54 so that head 80 may be received in bushing. 
Head is formed to include two diametrically opposed 
mounting holes (obscured by dowel 114) through which 
dowel pin 114 is received. Dowel pin 114 is disposed 
extending across the cavity 116 to cooperate therewith 
to form the pin-sleeve of the pinned-sleeve shaft univer- 
sal coupling. 

[0044] When miller cutter 22 is received in miller 
frame 24, the tip 60 is received in tip-receiving hole 58 
and head 80 is received in bushing 54. When cutter 22 
is so received, the axis 113 of cutter 22 is coincident with 
axis 99 of tip-receiving aperture 58 and with axis 55 of 
bushing 54. Thus, axis 1 1 3 of cutter 22 forms an angle 
with longitudinal axis 66 of shaft 48 equal to angle 99 
and forms an angle with longitudinal axis 142 of drive 
shaft 28 that is equal to angle 1 94. 
[0045] During assembly of instrument 20, cutter 22 is 
inserted into miller frame 24 after miller frame 24 has 
been assembled into miller shell 26. As shown, repre- 
sentatively by two cutters 22 in Fig. 2, a family of cutters 
22 are preferably provided to the surgeon with all mem- 
bers of the family having common sized bearing surfac- 
es 56 and tips 60. In all cases, bearing surface 56 pref- 
erably has an outer diameter 1 1 0 which is larger than or 
equal to the outer diameter 111 of cutting surface 78. 



The cutter 22 also includes a head 80 having a drive tip 
receiver 1 1 2 formed therein for coupling to the distal tip 
1 58 of the drive shaft assembly 1 22 for turning the cutter 
22. The proximal end 146 of the drive shaft assembly 

5 122 is coupled to a drive means (not shown) such as a 
drill. The drive means can be hand or power operated 
and advances with the cutter 22 as that means is moved 
into the bone by the surgeon through the use of strike 
plate 50 of miller frame 24. 

w [0046] As discussed above, millerframe 24 and miller 
shell 26 include indicators 28, 30. Indicators 30 compris- 
es three indices corresponding to three different trian- 
gles, referred to as small ("SML"). large ("LRG"), and 
double extra large ("XXL") in the figures. More or less 

15 indices can be used as desired and, of course, can be 
otherwise designated. Illustratively, indicator 28 com- 
prises the upper end of miller shell 26. However, the mill- 
er shell 26 may include other structures or indicia ther- 
eon acting as indicator 28 for alignment with indicators 

20 28 of millerframe 24. 

[0047] The operation of the indicators 28, 30 can be 
seen most clearly in Fig. 1 . Fig. 1 shows the configura- 
tion of the instrument 20 with indicators 28 in alignment 
with the "SML" index of indicators 30. This corresponds 

25 to cutter 22 having progressed into the bone sufficiently 
far to accept a prosthesis having a "small" triangular- 
shaped projection (see for example, projection "A" of 
Fig. 2 in US-5540694). If this is the prosthesis which the 
surgeon wishes to use, the cutting process would be 

30 stopped at this point. However, if the surgeon wishes to 
use a prosthesis having a larger triangular-shaped pro- 
jection, he or she would continue advancing the cutter 
22 until either the "LRG" or "XXL" index 30 was aligned 
with reference surface 28. 

35 [0048] Miller shell 26 can include indicia 82 which re- 
late to the geometry of the neckof the femoral prosthesis 
which is to be implanted. As shown in FIG. 2, these in- 
dicia are referenced to the most proximal portion 84 of 
the great trochanter 86 of the patient's femur. The index 

40 which lines up with proximal portion 84 provides the sur- 
geon with information regarding selecting the appropri- 
ate neck geometry forthe femoral component. Addition- 
al notations can be included on miller shell 26 to indicate 
the sleeve cone sizes for which the millershell 26 is ap- 

45 propriate (see reference numeral 88 in Fig. 1). A general 
reference numberto the cone size can also be imprinted 
on the miller shell 26 (see reference numeral 90 in Fig. 

1)- 

[0049] The overall procedure in which instrument 20 
50 is used is as follows. First, an incision 18 large enough 
to receive the effective width of the miller frame 24 is 
made through which the patient's femur is prepared by 
cutting with a straight reamer to establish an extended 
cavity and centre line for receipt of the distal stem of the 
55 femoral prosthesis. Second, the proximal femur is 
reamed with a conical reamer to form a cavity for receiv- 
ing the conical portion of a sleeve or a stem of a pros- 
thesis. This conical cavity is on the same centre line as 
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the straight cavity and the reaming is conducted until the 
proximal end of the reamer is even with the proximal 
end of the resected femur (see reference numeral 92 in 
Fig. 1). 

[0050] Third, surgical instrument 20 in its assembled 
form as shown in Fig. 1 is inserted into the proximal end 
of the femur. The assembled instrument includes a cut- 
ter 22, a miller frame 24, miller shell 26, and a pilot shaft 
42 which are appropriate to 1 ) the size of the triangular 
projection of the sleeve which the surgeon wishes to im- 
plant, and 2) the straight and conical cavities formed in 
the bone in steps 1 and 2. 

[0051 ] Specifically, the diameter of cutter 22 is select- 
ed based on the width W of the triangular projection of 
the sleeve which is to be implanted (see Fig. 1 in US- 
5540694). The miller shell 26 is selected based on the 
size of the conical reamer used in step 2. Specifically, 
conical portion 44 of miller shell 26 has the same taper 
and same maximum diameter as the conical reamer. 
The height of conical portion 44 is preferably slightly less 
than the height of theconical reamer so that the proximal 
end of the conical portion can be aligned with the resect- 
ed end 92 of the femur without bottoming out in the 
reamed conical cavity. The pilot shaft 42 is selected 
based on the size of the straight reamer used in step 1 
which in turn is selected by the surgeon based on the 
inside diameter of the patient's femur. 
[0052] To provide the surgeon with the ability to match 
the finished prosthesis to various patient requirements, 
sleeves of various sizes and configurations and femoral 
prostheses having various proximal and distal diame- 
ters are provided to the surgeon along with correspond- 
ing sets of cutters 22, pilot shafts 42, miller shells 26, 
and straight and conical reamers. Preferably, only a sin- 
gle miller frame 24 is used in the overall system, such 
miller frame 24 being able to accept all cutters 22 and 
being receivable in all miller shells 26. 
[0053] The initial insertion of instrument 20 into the 
cavity in the femur brings the proximal end of conical 
portion 44 into alignment with the proximal end 92 of the 
resected femur. At this point, the surgeon can use indicia 
82 to confirm his or her selection of a neck geometry for 
the femoral prosthesis. 

[0054] Cutter 22 is then rotated by the drive shaft as- 
sembly 122 coupled to the driving means (not shown) 
while miller frame 24 is moved along longitudinal axis 
40 of miller shell 26. This process is continued until the 
appropriate index 30 on miller frame 24 is aligned with 
reference surface 28, e.g., until the "LRG" index is 
aligned if the sleeve to be inserted is to have a "LRG" 
triangular projection. In some cases, the original choice 
of triangular projection may be too small to reach the 
patient's hard bone at the proximal end of the femur, in 
which case the cutting of the triangular cavity would be 
continued to the next index mark and a further evalua- 
tion would be made at that point. If suitable at this point, 
a sleeve having atriangular portion corresponding to the 
index mark 30 to which the cutting was continued would 



be used. Depending upon the circumstances, all or por- 
tions of the process may be repeated until a suitable fit 
is achieved. 

[0055] Instrument 20 is removed from the patient's fe- 

5 mur by pulling miller frame 24 straight out using strike 
plate 50 while rotating the strike plate 50 to ensure the 
engagement of pin 72 with surface 74 of miller shell 26. 
A light tap on the strike plate 50 from below with a hand, 
mallet, or other instrument, is usually sufficient to re- 

10 lease miller shell 26 from the patient's bone allowing 
complete removal of the instrument 20. Implantation of 
the femoral prosthesis then follows. 
[0056] Instrument 20 is fabricated using conventional 
techniques used in the manufacture of surgical instru- 

15 ments. Similarly, the instrument 20, except for sleeve 
1 24 is composed of conventional stainless steels or oth- 
er materials employed in constructing surgical instru- 
ments. Illustratively, sleeve 124 is fabricated from a 
composite material such as that sold under the trade 

20 name Celcon or another suitable material. 

[0057] Also, while shielded drive shaft assembly 1 20 
has been shown oriented parallel to the shaft 48, the 
shielded drive shaft assembly may be oriented at other 
angle with respect to the shaft 48. Those skilled in the 

25 art will recognize that if the shielded drive shaft assem- 
bly slants inwardly (distally to proximally) that the full 
benefits of the reduction in incision length will be recog- 
nized. At such an angle, sleeve 124 could even be re- 
moved from drive shaft assembly 22. However, as the 

30 inwardly slant increases, those skilled in the art will rec- 
ognize that the complexity of the coupling between the 
driveshaft 128 andthemillercutter22 will likely increase 
resulting in a loss of the benefit of being able to use a 
simple pinned-sleeve shaft coupling. The shielded drive 

35 shaft 120 or an unshielded drive shaft 128 may slant 
outwardly (distally to proximally) with respect to shaft 
48. Those skilled in the art will recognize that as the out- 
ward slant increase and approaches a situation in which 
the driving force spins about the axis 113 of cutter 22, 

40 the amount the size of the incision 1 8 can be decreased 
gets smaller resulting in larger incisions 18. Also, the 
amountthesizeof the incision 18 can be decreased gets 
smaller resulting in larger incisions 18 as shielding is 
removed between the drive shaft 128 and soft tissue. 

45 [0058] Although the invention has been described in 
terms of the implantation of the femoral portion of a hip 
prosthesis, it can be used with prostheses for other 
joints such as the shoulder, knee, or elbow. 

50 

Claims 

1 . Apparatus for creating a cavity in a bone, said cavity 
(i) having a cross section which has a generally tri- 
55 angular profile having a first side generally parallel 
with an axis of the bone and a second side forming 
an acute angle with the first side, and (ii) being con- 
tiguous with a pre-existing conical cavity in the 
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cators for indicating the longitudinal location of the 
miller frame relative to the miller shell. 

9. The apparatus of claim 3 wherein the cutter com- 
5 prises a cutting surface having an outer diameter 

and a bearing surface at one end of the cutting sur- 
face having an outer diameter larger than the outer 
diameter of the cutting surface and 
wherein the bearing for receiving the cutter com- 
10 prises a bearing surface for mating with said bear- 
ing surface of the cutter. 



bone, said apparatus comprising: 

a drive shaft having an axis, a proximal end 
configured for coupling to a drive means and a 
distal end configured to form a portion of a drive 
joint for coupling the drive shaft to a cutter; 
aframefor carrying a cutter, the frame including 
a shaft having a longitudinal axis and a cutter 
mount for mounting a cutter at a first angle ap- 
proximating the acute angle with respect to the 
shaft, the mount including a bracket extending 
laterally from the shaft to a bearing configured 
to receive a portion of a cutter and maintain the 
received cutter oriented at the first angle during 
rotation; 

a cutter for cutting said cavity, the cutter having 
a head configured to form a portion of a drive 
joint for coupling the cutterto a drive shaft; and, 

wherein the drive shaft is coupled to the cutter 
to form the drive joint, the cutter is received in the 
mount at the first angle and the axis of the drive 
shaftforms a second angle with the longitudinal axis 
less than the first angle. 

2. The device of claim 1 wherein the axis of the drive 
shaft is substantially parallel to the longitudinal axis 
of the shaft. 

3. The device of claim 2 and further comprising a 
sleeve disposed about portions of the drive shaft 
adjacent the cutter. 

4. The device of claim 3 and further comprising a drive 
shaft bracket coupled to the frame and configured 
to receive the drive shaft therein and maintain the 
orientation of the axis of the drive shaft with respect 
to the longitudinal axis of the frame. 

5. The device of claim 3 wherein the drive shaft and 
sleeve are mounted to the frame to move relative 
thereto to facilitate loading and removal of a cutter. 

6. The device of claim 3 and further comprising a plate 
mounted substantially perpendicular to the longitu- 
dinal axis of the shaft and configured to transfer 
forces applied to the plate to the shaft. 

7. The device of claim 4 and further comprising a miller 
shell for registering the apparatus with the pre-ex- 
isting conical cavity, the miller shell having a longi- 
tudinal axis, an external surface a portion of which 
engages the wall of the pre-existing conical cavity, 
and a shell configured to receive the frame and al- 
lowing the frame to move along the longitudinal ax- 
is. 

8. The device of claim 7 and further comprising indi- 



1 0. Apparatus for creating a cavity in a bone for receiv- 
ing a prosthesis which has a conical portion and a 

15 projection of a generally triangular profile, said ap- 
paratus comprising: 

a shell comprising a conical portion which de- 
fines a longitudinal axis and a shaft-receiving 
20 cavity for receiving a frame; 

a frame having a shaft, a drive shaft and a 
shield, the shaft being received by the shaft-re- 
ceiving cavity and being movable with respect 
to the shell along the longitudinal axis, said 
25 frame configured to carry a cutter disposed at 

an acute angle relative to the longitudinal axis, 
the drive shaft being disposed at an angle rel- 
ative to the longitudinal axis less than the acute 
angle being configured at one end to couple to 
30 and drive the cutter and the shield being dis- 

posed about portions of the drive shaft adjacent 
the one end; and a cutter for cutting a cavity 
having a generally triangular profile, said cutter 
being carried by said frame and being config- 
35 ured to mate with and be driven by the drive 

shaft. 

11. The apparatus of claim 10 wherein the cutter and 
the frame include mating bearing surfaces. 

40 

12. The apparatus of claim 11 wherein the frame in- 
cludes a bracket for maintaining the orientation of 
the drive shaft relative to the shaft. 

45 13. The apparatus of claim 12 wherein the drive shaft 
is maintained in an orientation substantially parallel 
to the shaft. 

14. The apparatus of claim 10 wherein the cutter and 
50 the drive shaft are configured to cooperate to from 

a pinned-sleeve shaft coupling. 

15. The apparatus of claim 14 wherein the drive shaft 
includes a slotted end forming forks. 

55 
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